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TECKNICALNOTE4241

ANAPPROXIMATEMKBIODFORDESIGNORANALYSISOF

TWO-D12JENSIONALSUBSONIC-FLOWPASSAGES

By E.FloydValentine

SUMMARY

A methodhasbeendevelopedforthedesignandanalysisoftwo-
dimensionalsubsonic-flowpassageswithisentropicnonviscousflow. The
methodisbasedontherelationbetweenthepressurechangeacrossa
streamtubeandthecentrifugalforceresultingfromthecurvatureofthe
flow. Precomputedchartscanbe drawnwhicheliminatesubsequentcalcu-
lationfora givenupstreamMachnumber.Themethodislimitedby the
accuracywithwhichtheradiusof curvatureofthestreamlinescanbe

●-. determined.

. In an examplethemethodwasappliedtothedesignofan expanding
elbowateachoftwoMachnumbers.Twoelbowcontoursandtheirsurface
pressuredistributionswereobtained.

INTRODUCTION

Muchexperimentalworkon internal-flowsystemshasconsistedof
testsofmoreorlessarbitrsri~laidoutduc~ccmnponentsto determine
regionsof separatedflow,pressurelosses,andflowdistortionatthe
exit. Thisresearchcouldbe conductedina moreeffec%ivemannerifa
methodwereavailableto designsomeoftheseductcomponentstoavoid
regionsoflocalspeedupandsteepadversepressuregradients.Further-
more,iftheflowinexistingcanponentscouldbe analyzed,theanalysis
wouldfurnisha basisforcomparisonof idealandactualperformanceand
couldbe usedasa basisofeliminationofunpromisingcomponentsfrom
an experimentalprogram.

Severalmethodsforanalyzingtheflowin subsonicductsystemsare
avaibble.FIiigel’sstream-fi&unentmethoddiscussedtnreference1 was
utilizedinreferences2 and3 bymakingarbitraryassumptionsaboutthe
variationoftheradiusof curvature.Themethodwasusedinreference4
fortheanalysisoftheflowinthree-dhensionalpassagesandinrefer-. ence5 forthedesignofthree-dimensionalpassages.A wire-meshplotting
deviceforincompressibleflowisdescribedinreference6, andin

“

.
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reference7 a deviceconsistingof camscanbinedwitha wiremeshis
describedwhichisapplicableto compressibleflow. .—.

Inthepresentreporta methodisdevelopedforthedesignandanal-
ysisof two-dimensionalsubsonic-flowpassageswithisentropicnonviscous
flow. Themethodparald.elsthethree-dimensionaltreatmentofrefer-
ences4 and5. Restrictionofthetreatmenttotwo-dimensional-flowprob-
lemsuermitstheuseof~recommtedchartsfra whichthevaluesrequired
canb: readdirectly.
flowpassageswiththe
flow.

tiech&ts canbe usedfordesignoranalysisof
assumptionof isentropic,subsonic,nonviscous

DEVELOPMENTOFMET.EOD

,.
!l%emethoddevelopedin thepresentreportisbasedona relation

betweenthepressuredifferenceacrossa smalJ.streamtubeandthecen-
trifugalforceperunitareaCamedby theflowcurvature:

Inthefollowing
andaverageradiusof
dixA):

dp =
~2

-pdnq
..

diagramIsshowna smallstreamtubeofwidthAn
curvature;= (allsymbolsaredefinedinappen-

Theratioofthevelocitiesat theintersectionofa normalto the
boundariesofthestreamtubeis derivedinappendixB andgivenby
equation(l):



.

.

.

NACATN4241

Sinceno densityvaluesareinvolved,equation(1)isapplicableto
eitherincompressiblefloworcompressibleflow.

tion
Continuityfortwo-dimensionalflowrequiresthatbetweenanysta-
andanupstreamstationwheretheflowisrectilinear

plhl= puv~ (2a)

forccmrpressibleflowand

forincompressibleflow.

If ? istakenas ~ = +(VO + V),then

v
~+~

? vu vu—=vu 2

(2b)

(3)

Velocityanddensityforisentropiccompressibleflowarerelated
by equation(63) ofreference8:

By useofelementaryisentropic
and(4)itcanbe shownthat

relationsand

r

(4)

equations(2a),(3),

%211-

Forconsistencyequation(1)isrewrittenas

(5)

(6)
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Equations(~)and (6) are obviously
and An/~ forgivenvaluesof Vo/Vu,
bemade,however,torepresentequations

NACATN4241 *

noteasilysolvedfor V/Vu
@J/ficJand ~. A ch~t ~ -
(5)=d (6)forany~ivenurmtream

Machnumberby assigninga valueto Vo/V~‘andusi~ sever~l-values”of.
Anu~— — to obtainvaluesof V/Vu,An/~, and
f. % ? =?%~j’
Thuslinesforconstantvaluesof Vo/Vu cambe drawnOn s,Ckrtj with

&I/q forordinateand ~/~c forabscissa.By cross-plotting, lines

ofconstantvaluesof V/Vu canbe superposedonthischart.However,a
simplermdhod isdescribedinappendixC wJerebya chartcanbe easily
constructedfora givenupstreamMachnumber.Fromthischartvaluesof
An/& and V/Vu canbe readdirectlyforgivenvaluesof Vo/Vu

.-

and &/Fc. Figure1 showschartsforincompressibleflow.Figures2
and3 showchartsforcompressibleflowforupstreamMachnumbersof O.b
and0.85, respectively.Ifa valueof ~ canbe decideduponfora
particularcase,thecorrespondingcurvescanbe relabeledwithvaluesof
An and l/Fe. Infigure4,whichisforanupstreamvalueof An of .—

.
2.00inches,thevaluesof An aregivenininchesandvaluesof l/?c
in (inches)-l.Klhelinesofthisfigurearethesameas thoseoffig- .
ure3 buthavedifferentlabels.

Theaccuracyofthismethoddependsinpartontheaccuracywith
—.

which l/Fe canbe determinedanddecreasesas l/rc becomesverylarge
orverysmall.Discontinuitiesin rc forthestartingboundaryshould
be kepttoa minimummagnitude.Thecorrectsignfor l/i$cmustbe
used. Thesignof l/Fe isthesameas thatofthesecondderivative
ofthecurveandcanusuallybe determinedby inspection.Ifthecurve
is concavewhenviewedfrcmthedirectionfromtheboundaryto stream-
line1,thereciprocaloftheradiusofcurvatureisnegative.Inadvert-
entuseofthewrongsignwillimmediatelybe apparentbecausethedirec-
tionofpressurechangeindicatedby thechangeinvelocityacrossa
streamtubewillnotbe consistenttiththedirectionofturning.It IS
consideredthattheaccuracydecreasesforsuccessivestreamlinesbecause
themeasuredvaluesof l/Fe dependmoreon-theartistryoffairingin
thestreamlinesthroughthe An/~ points.
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APPLICATIONOFME’EIOD

Design ofDuctShape

.
.

Useofthechartsfordesignpurposesisessentiallyas follows:
A boundaryor otherstreamlinealongwhicha chosenvelocityvariation
isprescribedis laidoutandperpendicularsareerectedata suitable
numberof stations.Iftheboundaryhasbeendeterminedanalytically,
itmaybepossibleto ccmputetheradiusofcurvatureat eachstation
andestimatetheaverageradiusof curvatureforthestreamtube. Other-
wise,saneothermeans,suchas theradometershowninfigure5 and
describedinappendixD, isrequiredtodeterminetheradiusof curvature.
Foreachstation,valuesof An/~ and V/Vu arereadat theproper
valuesof Vo/Vu and A@?c. Thefirststreamlinecannowbe drawnin
andtheaverageradiusof curvaturedeterminedbymeasurements.Thenew
valuesof &/?c basedonthemeasuredvalueof l/Fe mustbe usedto
determinenewvaluesof Au/~ and V/Vu. Thisiterationproceduremust
continueuntilthevaluesof An/~ areessentiallyunchangedby succes-
sivevaluesof ~fic obtainedfrommeasurements.Thenumberof repeti-
tionsrequiredisreducedby thefactthatchangesinthevaluesof @/&c
donotgivelargechangesin thevaluesof An/~. Forexample,a
50-percentincreasein AnJFc (from0.030to 0.045)infigure3(c)at
Vo/Vu of 0.99givesa changein An/~ ofonly0.5percent.

Thefinalvaluesof V/Vu arenowusedasvaluesof Vo/Vu forthe
nextstreamline.In constructingthenextstreamlinetheperpendicular
alongwhichAn/~ tillbemeasuredislaidofffrcmthemidpointof
theperpendicularusedinthepreviousstreamtube. Thevaluesof V/Vu
forthefinalstreamlinecanby recourseto tablesforcompressibleflow
be convertedto obtainpressure-distributioncurves.

AnalysisofFlowQuantities

Themethodofanalysisisusedwhentheinnerandouterboundaries
areprescribed.Theproceduretobe describedisgivenas onepossibility,
butmay,ofcourse,be alteredto suittheindividualsituation.

Afterstationsareselectedalongoneoftheboundaries,anapproxi-
mationtoa lineperpendicularto thestreamlinesmustbe drawninfor
eachstation.Drawinginesthnatedstreamlinesmightbe of someassist-
anceinmakingthisapproximation.Selectionofthenmiberof stream
tubestobeuseddeterminestheupstreamvalueof An. Thetotallength
of thelineperpendicularto thestreamlinesi.smeasuredforeachstation.
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At eachstationaveragevaluesof &Jrc mustbe determinedfOr .

eachstreamtubeeitheranalyticallyorbymeasuringthevaluesof AnJrc
atbothboundariesandplottinga reasonablecurvebetweenthetwovalues.

WiththestreamlinesnumberedfromO forthestartingboundaryup to
theotherboundary,whichwillhavea numbereqti tothenumberof stream
tubes,a tabulationcanbemadeforeachstationas showninthefol-
lowingtable:

Stream
tube 4 V. An’ V. An= qnumber rc G ~ G

1

;.
.
.

summationof
$%

values

Inthetablethestreemtubesareidentifiedwiththestreamlinewhose

.
—

.

locationisbeingdetermined.Thevaluesof ~/~c alreadydetermined
arewritteninforsachstreamtube.

A valueof Vo/Vu isneededforthefirstboundaryateachstation.
It canbe obtainedfromtheprecomputedchartsatthepropervalueof
An@c andan estimatedvalueof h/~. Thisvalueof Vo/Vu is
writteninthefirstcolumnheadedVo/Vu forstreamtube1. Thepre-
computedchartisusedto determinevaluesof &L/Anuand V/Vu for
streamtube1;however,thevalueof V/Vu forstreamtube1 iswritten
inas thevalueof Vo/Vu forstreamtube2. Thisprocedureiscon- -
tinueduntilthereisa valueof An/Anuforeachstreamtubeandone
morevelocityratiothantherearestreamtubes.Thesumofthecomputed
valuesof An/~ is comparedwiththesumofthevaluesof An/Anu
measuredonthelayout.Ifthesesumsarenotequal,a newvalueof
Vo/Vu forstreamtube1 isinsertedinthesecondcolumnheadedVo/Vu
andnewvaluesarepickedfromtheprecomputedchart.Thenewinitial
valueof Vo/Vu isobtainedby multiplyingthevaluepreviouslyassumed
by theratioofthesumofthecomputedvaluesof An/~ tothesumof
themeasuredvaluesof An/~.

●

Thisroutinemayhavetobe repeatedif
thesumsof An/~ arestillnotsufficientlyclose.

—
.



NACATN4241 7
i

Thecomputedvaluesof An/~ arenowusedtoplotstreamlines.
Foreachstation,perpendicularstothestreamlinesareconstructedin
themannerdescribedforthedesignmethod.valuesof An/~c determined
frcmmeasurementsareinsertedinthetableanda valueof thesummation
of An/~ isdeterminedfrommeasuredvaluesof An/@. A valueof
Vo/Vu forthefirstboundaryisobtainedfrcmtheprecomputedcharts
andvaluesof An/~ and V/Vu aresuccessivelyobtainedforeach
streamtube. Thisprocedureisrepeatedwitha newvalueof VOPU for
thestartif thesumofthecomputedvaluesof An/~ doesnotequal
thesumofthemeasuredvalues.Ifnecessary,newstreamlinesaredrawn
andtheprocessrepeateduntilthestreamlinesplottedfrcxncomputed
valuesof An/~ areessentiallyunchangedbecauseoftheuseofmeas-
uredvaluesof &~c. ‘Ihereqqirednuiberofrepetitionsisreduced
by thefactthat,ashasbeenpointedout,changesin ~/=c do not
causeproportionatechsmgesin fW/~.

a Examples

Thedesignmethodwasusedtolayoutan e-ding 90°elbow
. (fig.6) foranupstream~ch numberof0.85. me arearatiowas1.3’7,

andthespaceusedup wastobe confinedtomoderatebulgesoutsidethat
requiredby a nonexpandingelbowofmeanradiusthreetimestheinlet
width. ItwasthoughtthatuseofanenteringMachnuniberhigherthan
Q.85mightresultin somesupersonicflowintheelbow.

A modifiedsinecurvewasusedfortheinnerboundaryinorderto
havezerovaluesof l/rc at thebeginningandtheendoftheturn. It
wasassumedadvantageousto spreadtheadversepressuregradientevenly
overtheentirelengthoftheinnersurface.

Forthelayoutanupstreamwidthof10 incheswasdividedinto
fivestreamtubeshavingequalflow.

Itwasfoundthatsomedropinpressureontheinnerwallinthe
regionofthestartoftheturnwasreqy.iredinordertoavoida necking-in
of theouterwall. Thisnecessityfora dropinpressurecanbe explained
as follows:Considerfirsta stationa shortdistancepastthestartof
theturningoftheinnersurface.Theassumeddistributedpressurerise
givesa smallincreaseinpressureovertheupstreamvalue.me turning
requiresthatthenextstreamlineouthavea slightlygreaterincreasein
pressureandthat,consequently,thestream-tubewidthbe increasedover
theupstreamvalue.By thissamereasoningeachsuccessivestream-tube

. widthat thisstationwillbe slight~greaterthanthatofthepreceding

.
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one. Theseincreasesinstream-tubewidthmovetheouterboundaryat
thisstationoutsideofa linewhichisan extensionoftheouterstraight “
inletboundary.Thisoutwardmovementofthebourylqrymeansthatat some
previousstationtheouterboundaryhadto curveoutwardtoreachthis-
point.Nowconsiderthispreviousstation.At theinnerboundarythere
isno curvatureandthepressurehasnotchatiedfromtheupstreamvalue.
Forthenextstreamlinesthepressureandstream-tubewidthareunchanged
up totheregionwheretheouterstreamlinesarecurvedoutward;there-
fore,eachofthelaststreamlinesmusthavea lowerpressurethanthe
onebeforeitandthestream-tubewidthsaresuccessivelydecreasing.
Theresultisthattheouterboundaryispulledinsidethelineofthe
straightinlet.Itwasassumedthata decreaseinareaaheadofa dif-
fusingbendwasnotfavorable.Thedecreaseinareawaseliminatedby
applyingan innerboundarypressurelowerthantheupstreampressureto
bothofthestationspreviouslydiscussed.At thestationbeyondthe
startofthebendthislowerpressureresul=dinmovingallthestream-
lines,inwardandreducedthesmountthattheouterboundaryhadbeenout-
sidetheinletline.Theoutwardcurvatureoftheouterboundaryatthe
precedingstationwasthereforereduced.Theapplicationofthelower
innerboundarypressureandtheresultantmovinginwardofthestream-
linesgavea curvatureinthedirectionofthebendtothefirststream-

●

linesofthestationprevioustothestartoftheinner-wallbend. The
resultatthisstationwasthatthestreamtubesneartheinnerwalls .
werethinnerthantheupstreamvalues.Thisresultpermittedthestream
tubesinthecentertobewiderandthepressurestobehigherandcon-
sistentwithcurvatureawayfromthecenterofthepassagetowardeach
boundary. Theprescribedinner-wall.pressurewasmodifiedseveraltimes
andthedesignwasrestarteduntiltheres~twasan outerboundarywhich
didnotreducethecroqs-sectionwidthbeforethestartofthebend.

Theresultantelbowandstreamlinesareshownasthesolidlinesin
figure6. Thevariationofvelocity,stream-tubewidth,andradiusof
curvaturealongthestreamlinesisindicatedinfigureT. Thecorre-
spondingpresquredistributionsovertheinnerandoutersurfacesare
shownasthesolidlinesinfigure8.

—

Forcomparisonwiththiselbowdesignedfora Machnumberof0.85
thedesignofanelbowforanupstreamMachnuniberof0.40wasstarted.
TheMachnumberof0.40waschosenasbeingintheregionofeffects
midwaybetweentheexsmpleMachnumberof0.85smdincompressibleflow.
Thesaneinner-wallshapeandarearatiowereused. Itwasfoundthat
a largerdropinpressureat thestarthadtobe tolerated.Thisdrop
inpressureisdueinpartto thefactthata greaterareachangeis
neededatthelowerMachnumberfora correspondingchangeinpressure.

Towardtheoutletoftheelbowitbecameverydifficulttomodify
theinner-wallvelocitydistributionin sucha wayastogettheouter
boundaryto comeoutsmoothandfairwiththeoutletlineandthefirst
halfoftheouterboundary.Thefirsthalfoftheouterboundarywas; .
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therefore,fairedintoa curvearbitrarilytakenfromthelastpartof
theouterboundaryoftheelbowdesignedfora Machnumberof0.85,and
theanalysismethodwasapplied.

Theuseof theanalysismethodpermittedtheintermediatestream-
linesandthepressuredistributionsovertheinnerandoutersurface
tobe obtained.Theboundariesandstresad.tnesareshownas thedashed
linesinfigure6. Thesurfacepressuredistributionsareshowmas the
dashedlinesinfigure8.

In theexamplesa 10-inchinletanda valueof ~ of2.00inches
wereused. Itwasfoundconvenienttousechartssimilartofigurek,
whichwasmadefora valueof ~ of2.00inches,andtousea radometer
whichgavedirectreadingsof l/rc in (inches)-l.Itwasfoundhelpful
tomakeplotsof l/rc and An againstlineardistancealongthebound-
aryforthedesignmethod.Forthesmalyticalmethodplotsweremadeof
l/rc and An againstn.

●
A roughcheckwasmadeon theeffectsofthenumberof streemtubes

intowhichthepassageis divided.Station11 oftheexampleforan
upstreamMachnumberof0.40wasinvestigatedby theanalyticalmethod

. with10 streamtubesinsteadof5. Thesolidlineinfigure9 givesthe
pressurevariationacrossthepassagewiththeuseof5 streamtubes.
Thedashedlineinfigure9 givesthepressurevariationfor10 stream
tubes.ThegreatestdifferencewasO.OIOqat theinnerboundary.Con-
sistencywouldindicatean approximatelyequalchangeat theadjacentsta-
tionssothattheeffect,onthepressuregradientwouldbe nil. The
largestshiftin streamlinelocationwas0.02inch. Inthiscasethe
extraworkrequiredtouse10 streamtubesinsteadof3 wouldapparently
notbe justified.

CONCLUDING

Inthepresentreporta methodhasbeendevelopedforthedesign
andanalysisof two-dhensionalsubsonic-flowpassagestithisentropic
nonviscousflow. Themethodisbasedontherelationbetweenthepres-
surechangeacrossa streamtube~d thecentrifugalforceresultingfrom
thecurvatureoftheflow. FYecomputedchartscanbe drawnwhicheliminate
subsequentcalculationfora givenupstreamMachnumber.Themethodis
limitedby theaccuracywithwhichtheradiusof curvatureof thestream-
linescanbe determined.
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Inan examplethemethodwasappliedto thedesignofan expanding
elbowat eachoftwoMachnumbers.Twoelbowcontoursandtheirsurface .
pressuredistributionswereobtained.

IangleyAeronauticalLaboratory,
NationalAdvisoryCkxmnitteeforAeronautics,

LangleyFiefi,Va.,January15,I-958.

.

.
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APPENDIXA

SYMBOLS

a speedof sound,ft/sec

g accelerationdueto gravity,ft/sec2

M Machnumber

n distancealongnormalto streamline

A distancebetweenadjacentstreamlines

P staticpressure,lb/sqft

q dynamicpressure,p 2, lb/sq~v

‘c radiusof curvature

v velocity,ft/sec

ft

V. velocityat firststreamlinebounding

P massdensity,lb-sec2/ft4

7 ratioof specificheats

Subscripts:

t

u

0,1, .

A
stream

stagnation

conditions

conditions

upstreamwhereflowisnot

alongnormal

a streamtube,ft/sec

turning

. . pointsat succeedingstreamlinesalongnormal

barovera symboldenotesanaveragevaluerepresentativeofthe
tube.
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APPENDIXB

lXRIVATIONCIFVEIOCITY

Thevelocityequationused
derivedfroma relationbetween
streamtubeandthecentrifugal
curvature:

dp

or

NACATN 4241 m

EQUATION

inthemethodofthepresentreportis
thepressuredifferenceacrossa small
forceperunitareacausedby theflow

V2
=-pdn=.

FromEuler’sequationforsteadyone-dimensionalflow,

dp _ -V~v
P

Conibiningequations(Bl)and(B2)gives

dp—.
P

-Vdv=-sdn

Dividingby V2 yields

(Bl)

(B2)

●

✎

.

.
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If An,thedistance
valueot rc maybe used

ence
case

betweenthestreamlines,issmall,anaverage
and,

An/rc
V = Voe (B3)

Equation(B3)couldhavebeenobtainedfromequation(3)ofrefer-
5 by eliminatingthelasttermofequation(3)whichia zeroIn the
oftwo-dimensionalflow.
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CONSTRUCTION

SELECTED

APPENDIXC

CX’PRECOMPUTEDCHARTFOR

UPEYZREAMMACHNUMBER

Fora givenupstreamMachnunibera chartcanbe constructedfrcan
whichvaluesof Ari/~ and V/Vu canbe readdirectlyforgivenvalues
of Vo~u ~d ~/~cO Ina plotof V/Vu againstVo/Vu,a line
throughtheoriginwitha slopeof1 representsthecaseofno curvature,
1 0.—= Forincompressibleflow(fig.1),eqyation(2b)canbe usedto
Fc
spotvaluesof &/~ onthisline.Forcmnpressibleflowat a given
upstreemMachnuniber(figs.2 and3)tablesforone-dimensionalflow
(ref.8) can-beusedto determinevaluesof LYLI/~.Since&/.
determinesV/Vu fora fixedupstreamMachnumber,theaveragingequation *

v~ v
f TE+q—= .

vu 2

showsthatlinesdrawnthroughthepointsonthelinefor & = O witha
rc

slopeof -1eachrepresentconditionsfora constantvalueof An/~.

Pointsspottedonseveralofthelinesof constantvaluesof An/~
fora chosenvalueof ~Fc permitdrawingina linefortheconstant
valueof
valueof

equalto

bination
gives

An&c . Thesevaluesaredeterminedasfollows:Fora constant
An/~ Itcanbe shownthattheaveragevelocity?/Vu is

(u)

Vo
theno-curvaturevelocity

r~=o”
Useofthisfactin ccm-

witheqwtions(3) and(6) for ~cconstantvalueof h/~

.

b
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The change in Vo/Vudueto curvaturewhen&/~ is heldconstant
isthen

[1‘)*=”-R)= l-$($~+J ‘$=”
L

(+).-k)=
Threeorfourvaluesof

valueof ~i?c sinceit is
ofusingequation(Cl]canbe

An

\ /J

sufficeto establish

(cl)
o

a linefora given
nearlya straightMne. Thecomplication
greatlyreducedby useofthefactthatthe

%lAlec = l%m- 1 iscloselyapproximatedby ~7—
‘em %lb .%

if &/Fc is

-4
erc +1

small;therefore,

(C2)(%).“-(w?%(%),“
—= —.

‘c rc

Useofequation(C2)permitsdeterminationofthechangein Vo/Vu due
to curvaturewithsufficientaccuracybysirplemultiplication.

—
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and
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Forincompressiblef low

uV.~,
-A

—= o
Fc

Linesof constantvaluesof ~/Fc forincompressibleflowshouldthen
be a constantdistancefromtheno-curvaturelineregardlessof thevalue
03 An/~.

SincethistreatmentisforsubsonicflowneitherV. nor V may
exceedthevelocityof sound.Thedashedlimitlinesinfigures3(c)
and4(c) fora valueof ~ of0.85 representthislimitation.

Inthederivation(appendixB), n and rc wouldbe expressedin
feettobe consistentwiththebasicequations.Inthederivedequa-
tion(1)andinthecontinuityequation(2)itwillbe notedthat An
appearsonlyasa ratiotoanother~ valueorasa ratioto r=. In
thiscaseit isonlynecessarythat b and rc be e~ressedinthe
sameunitsoflength.

.

.

.
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DETERMINA~ON

APPENDIXD

OFAN AVERAGERADIUSOF CURVATURE

A radometerisonemeansofdetermininga valueof l/rc ofa
curveforwhichthisvalueisnototherwiseknown.Theradometerof
figure5 issimilarto theonedescribedinreference9. It gives,how-
ever,a directreadingof l/r=. Infigure5(b),AC isa curvefor
whichthevalueof l/rc istobe determinedatpointB.
andE equidistantfromB areassumedtobe closeenoughto
curveto excludeexcessivechangein l/rc betweenthem.

Inthenomenclatureofthefigure,~=+~d~=
c! rc

PointsI)
B forthis

7$%”Since

bd canbe a constantfora givenradometer,thearcwithradiusb and
centerat B canbe labeledtoreadvaluesof I/rc.

a
Inuse,thepivotpointB isplacedonthecurveat thepointat

which l/rc istobe estdmated,thepointD ofthestationarypartis
putonthecurve,andthemovablepartismoveduntilthepointE also
is onthecurve.Thevalueof l/rc cannowbe read.

Fortheinstrumentusedfortheexampleof thisreport,b was
10 inchesand d was3 inches;I/rc isexpressedin (inches)-lfor
thisradmeter.

.
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(a) 0.50< ~< 1.00.

Figurel.-Designchart.Incompressibleflow.



20

1.4

1.2

1.0

Q

UACATN 4241
8

.

.U
.8 ●9 1.0 v 1.1

0
1.2 1.3

.

(b) 0.80 <$< 1.30.
u

Figure1.-Continued.
.
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